Abstract. To minimize the energy consumption of an air-conditioning sub-system, we synthesized temperature sensitive hydrogel with temperature non-sensitive silicon gel. After changing the synthesis polymer ratio between the poly N-isopropylacrylamide hydrogel and the porous silica gel, the characterization of the synthesized polymer was obtained. The temperature sensitivity for different ratios of the synthesized gel polymer was made through solution polymerization. The polymer yield, water absorption, and the water discharge rate were observed using a differential thermal graph. This graph provided the details of the temperature response of water molecules. These gels were placed on glass paper soaked with acid for dehumidification system. The characterization of the temperature sensitive response for the synthesized hydrogel silica polymer was compared with the pure silica gel. Then, we put forward the concept of critical temperatures for the synthesized polymer and discovered that it had similar physical meanings of lower critical solution temperatures of the pure hydrogel. Based on this new finding, we were able to use the synthesized polymer to modify the desiccant dehumidification system. As a result, we reduced the cost and improved performance by using the optimized synthesizing ratio.
Introduction
New functional material, i.e. intelligent polymer material (environmentally sensitive polymeric material and stimuli responsive polymeric material) have become a hot topic for today's research. When intelligent polymer material undergoes microphysical and chemical stimulation, a "mutated" material forms. Their responses to environmental stimuli have very high values for practical applications. We can also use the intelligent polymer materials in such a way that mimics the life system. In other words, it not only has driving functions, but also has perception functions.
This advanced concept is known as a major leap in the history of Materials Science which has been highly valued by most governments and scientists around the world. Currently, in the research of intelligent polymer materials, there are a wide range of intelligent gel materials including polymer film material, variable fluid material, intelligent fabric material, polymer composite materials, shape memory material, etc. Temperature sensitive hydrogel of poly N-isopropyl acrylamide (PNIPAAm) is the representative of our research focus. The molecular structure of this kind of gel has an equilibrium region, hydrophilic region and hydrophobic region with their common characteristic as the Low Critical Solution Temperature (LCST). Under the critical temperature, the polymer chain and water react with water molecules and the gel swells, leading to storage of surface energy. Above the critical temperature, the gravitational attraction between the hydrophobic groups in the polymer chain is enhanced and the hydrogen bond between the hydrophilic group and the water becomes weak, resulting in the gel shrinking in size and surface energy to release.
Temperature sensitive polymer material in an aqueous solution showed unusual temperature sensitivity characteristics: at room temperature, the polymer material had decent solubility, water absorption, transparency, etc, but when the solution temperature is higher than a certain value (LCST), the polymer materials began to drain and was no longer soluble in water and changed into an opaque state. This temperature responsive polymer material has a reversible nature sensitive to the critical temperature. According to the nature of the temperature sensitive polymer material, it can be synthesized with non-temperature sensitive silica gel to make a type of temperature sensitive material that can be used in desiccant systems and can adapt to the surrounding environment. When the temperature is below a certain temperature, it begins to absorb water and store the surface energy. Alternatively, when the temperature is higher than a certain temperature, it releases the water and surface energy associated with it, with less extra energy needed to complete the dehumidity cycle.
Furthermore, as PNIPAAm can modify ordinary silica gel, causing the low critical solution temperature of the silica gel to decrease, a large amount of reduction of the heat consumption occurs in the process of traditional water absorption and water release can be achieved. This natural reversible surface energy bank is acting as the partial substitution of the irreversible heat transfer process which can be used to construct an energy efficient dehumidifying system.
Among the known natural polymer materials, temperature sensitivity is present in the form of these solvents. The common structure is composed of hydrophilic groups and hydrophobic groups on the polymer chain. Among these polymers, PNIPAAm sensitivity to temperature is relatively strong. The temperature range of the phase transition is relatively narrow with its LCST at about 32 degrees celsius (above room temperature). In addition, PNIPAAm with more adaptive LCST, can be synthesized by fine-adjusting the polymer characteristics [1] . In the macromolecular side chain of PNIPAAm, it not only has the hydrophobic -CH (CH 3 ) 2 , but also has hydrophilic amide group -CONH-. These two groups make the linear PNIPAAm aqueous solution as well as the cross-linking polymerization of the PNIPAAm hydrogel. Since the first work on atom transfer radical polymerizations (ATRP) of PNIPAAm brushes, the thermal response of the PNIPAAm chains tethered onto various substrates and has attracted considerable research interest [2] . This kind of polymer, with temperature sensitivity, is intelligent and has memory effect, arousing great interest in research. The research on the PNIPAAm polymer since then has become a hot topic.
In recent years, the temperature sensitive polymer gel has shown very broad application prospects in control of drug release, immobilization of enzymes, material separation, etc. Hyperbranch-g-(NIPAAm-co-IAM) with a molar ratio of NIPAAm/IAM of 3:1 shows an LCST of the aqueous solution close to body temperature, indicating potential use in biomedical applications such as drug release [3] . The relevance of further understanding of blends composed by biodegradable/bio-compatible and thermoresponsive biomedical polymers led to several strategies proposed [4] for future researches in order to improve the properties arising from the novel PLLA/PNIPAAm blends. In the application of the desiccant system not discovered in any previous reports, we use these in an innovative fashion for high end users that can afford the cost. The main obstacle now is the relatively high cost of the synthesis, which we believe, with the gradual popularization of the intelligent polymers, the price will decrease in due time.
PNIPAAm has a potential application value for improving the dehumidification system. The traditional dehumidification system mostly uses activated silica gel and this activated silica gel in the dehumidifier plays the unique effect. With its stable moisture absorption ability, it meets the requirements of most applications; Typical molecular sieve rotor contains up to 37% of the molecular sieve, and 45% of activated silica gel, in a low humidity, high temperature or alkaline environment with very high strength dehumidifying ability. Adsorbate is considered as a fluid phase in which it is excreted to external forces of atoms and molecules located on the surface of a sorbent material [5] . Molecular sieve is suitable to be used in the field of dehydration with very low dew point temperatures. In addition, the dehydration of the molecular sieve is a physical adsorption process. Physical adsorption is mainly caused by the van der Waals attraction or diffusion force. Gas adsorption is similar to gas condensation with generally no selectivity and with its reversible adsorption process that uses small heat. This absorbs with a small activation energy leading to the adsorption velocity to increase accessibility and achieve balance. Molecular sieve dehydration is generally applicable to the occasion of the natural gas water with low dew points.
Typical lithium chloride runner contains 81% of the active silica gel, 2% of lithium chloride and about 0.1% of the antimicrobial additives. This runner is designed specifically for antibacterial uses and has strict requirements in the field of application. Lithium chloride is a salt and there is a certain corrosive, dry density of the medium which is 240 kg / m 3 . Moisture content in the humid environment can reach about 40% of its dry weight. To ensure that water droplets do not enter the case of the runner, the runner must be in high relative humidity conditions and for both reliable operations and for moisture absorption. In regards to the dehumidification effectiveness, it increases when the flow rates ratio rises from 0, achieving an optimal value at Vreg/Vproc of about 1; for higher values of the ratio, the heating of the desiccant matrix due to the available regeneration thermal power reduces the dehumidification capability of the wheel [6] . However, the lithium chloride runner should avoid being placed in an environment of relative humidity of more than 95% when not in operation. When the runner is saturated in moist air, it can be put into the water cleanly. The silica gel wheel and the chloride lithium runner is very suitable for non-alkaline cleaning liquids and the molecular sieve runner should be placed in the alkalescent liquid for cleanliness. The surface compressive strength of the runner medium is more than 200Kpa (2 kg / cm), structure with diversity. For example, the choice of metal structure materials, whether the need for flange or for large wheels, affects the disassembly and assembly structure conduciveness to the transport and installation of the scene.
Recently, there have been use of ceramic rotary wheels to overcome the limitations of the aforementioned three kinds of wheels, but the cost is very expensive. To sum up, from the perspective of energy conservation and environmental protection, the use of temperature sensitive intelligent materials is a better and the fifth alternative option.
This paper mainly studies the excellent moisture absorption of the temperature sensitive hydrogel. The main force of the moisture absorption of the traditional polymer material is the diffusion of water. In the environment, the gaseous water molecules move closer to the polymer and then is adsorbed on the surface. With the increase of the concentration of water molecules, the osmotic pressure difference between the inside and outside causes the water molecules to diffuse into the interior. The traditional moisture absorption material has the disadvantages of slow release rate, small amount of moisture and high energy consumption, and the new material making use of the surface energy can solve the problem of large energy consumption. The main method is to use the temperature sensitive material, relative to the environment temperature, carrying on the reverse volume phase change and observing the water extrusion system, and ensuring that this is based on the thermosensitive materials with a certain proportion of hydrophilic and hydrophobic groups, with which the water molecule will interact.
In this paper, we propose the use of PNIPAAm thermosensitive modified silica gel for air-conditioning systems due it its performance and cost efficiency. By adjusting the proportion of silica gel with the thermosensitive materials coverage, significant reduction in the burden of latent heat of air conditioning occurs and energy is conserved. Table 1   Table 1 . Material ratio and yield.
Polymerization of NIPAAm with Silica Gel for Dessicant Experimental Materials and Instruments

Preparation of Temperature Sensitive Hydrogel with Different Proportions
Measure 1.0000g with an electronic scale (8.85 * 10-4mol NIPAAm 1) in a test tube. Measure 4 ml of anhydrous ethanol and add it into test tube 1 with the transfer tube. Then take the calculated amount of crosslinking agent Bis and initiator AIBN at the same time and add that to test tube 1. Shake the test tube. After all the solids are dissolved, the argon gas is used to protect it about 5~10 min, until liquid becomes clear. Then seal the tube, and put it in the constant temperature of 60 degrees Celsius in a water bath equipment for 24 hours. The tube must be sealed to prevent air entering, oxidation, and ethanol evaporation. During the constant temperature water bath reaction for the first a few hours, to prevent the material settle down at bottom of the tube, shake it every half hour until it becomes jelly like shape, to ensure a fully synthesized reaction. The resulting hydrogel is then replaced with deionized water every 8 hours for 4 consecutive days, for removal of the left over monomer.
Differential Thermal Analysis
Differential thermal analysis: Open the differential thermal analyzer, set a proper temperature and heating rate, open the differential thermal analysis software. Weigh approximately 36 mg of the drained water sample 1 into the micro dry pot, and weigh the same amount of reference Al 2 O 3 in the other micro dry pot. The measurement object and reference were placed on the left and right side, and then click to start the experiment, the differential thermal analysis image is as shown below (Fig.1) .
Before the time of differential thermal analysis, drying the sample in vacuum oven to 60 degrees Celsius for 8 hours, and then put on the scale. Once the differential thermal analysis is done, shut down the differential thermal analyzer completely, it may easily take 8 hours until the heating furnace temperature to drop back to room temperature, ready for the next experiment. As we can see from the figure, the sample 1 is pure PNIPAAm, sample 2 has less silica, sample 3 has more silica, they started release water around 32 degrees, and the shape of the "dip" changes as the ratio changes. For sample 1, the returning time is around 36 minutes, for sample 2, it is 32 minutes, and sample 3 is 34 minutes. The area or size of the "dip" represents the total energy saved, clearly the sample 3 is the best among three tested here.
Conclusion
This paper mainly studies the absorbent material temperature sensitivity, discharge rate and critical temperature. When the permeation temperature was increased from 20 to 45 °C, a drastic change in permeability was observed at approximately 32 °C. The pure-water fluxes above the LCST of PNIPAAm were substantially smaller than those observed below the LCST. This temperature-sensitive behavior may be ascribed to the conformations of the PNIPAAm side chains aggregated on the membrane surface, the pore surface, and internal pore channels. At permeation temperatures below the LCST, the PNIPAAm side chains were extended due to hydrogen-bonding interactions, leading to a reasonably high permeability. However, the PNIPAAm chains shrink when the permeation temperature rises above the LCST, which decreases the effective membrane pore size and blocks the penetration of molecules through the fiber membrane. By coating or synthesizing the temperature sensitive material onto a dehumidifier runner, the traditional dehumidification system with activated silica gel can be improved.
In addition, the synthesis of poly N-PNIPAAm monomers were studied. Through a series of changes in the raw material mixing mass ratio, we studied the water absorption rate of temperature sensitive hydrogel and silica gel synthesis. Based on our study, we believe internal poly N-PNIPAAm molecule has a certain proportion of hydrophobic groups and hydrophilic groups with water inside the molecule interacting between molecules. When the temperature is lower than the critical temperature, the interaction between the molecular chains of water molecules and the poly N-PNIPAAm is composed of the main amide group -CONH-and the role of hydrogen bonding between water molecules. Poly N-PNIPAAm molecular chain of water soluble condition is under the critical temperature environment. Also, the PNIPAAm N-poly molecular chain of water molecules will form a hydrogen bond by ordering, equivalent to a relatively high degree of a solvent shell. This can make the molecular chain exhibit a stretching coil-like structure because of the hydrogen bond and van der Waals force. The second aspect is that in the hydrophobic group, thermal motion and hydrophobic interaction is greatly intensified. With the rise of the temperature effect on the hydrophobic group, the first aspect to acknowledge is that hydrophobic interactions between is an endothermic process. Secondly, the association between the polymer solution system's entropy, hydrophobic groups and water molecules will increase when the increase of temperature has also been weakened. With the increase of temperature, sudden changes of interaction occurs between poly N-PNIPAAm and water, resulting in a large part of the hydrogen bond being destroyed. To sum up the results, the function of the hydrophobic molecules is due to the change in the cross linking network of hydrophobic and hydrophilic balance caused by temperature. The surface phenomenon is known as the macromolecular chain configuration change.
For future studies, in relation to skeleton structures of monomer from hydrophobic functional considerations, we are seeking to find new technology for polymerization that is faster than the current one or making the process corrosion resistant to manufacture on glass paper for the dehumidification rotary runner. Through further regulation of hydrophobic properties of temperature sensitive hydrogels, the scope of application can be more extensive. For example, it can be used as catalyst carriers, water adsorption materials, intelligent textile materials, etc.
